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NUMMARY 


The  research  goal  nf  this  i  ru^riun  1*  to  evaluate  the  radiRt.on  damage 
thresholds  >f  ne<"lyml urn  1.  :  eu  u  «hh  .user  materials  and  to  determine  the 

associated  damage  median  "im  ;  <•-  f-.n-HicIi  '•hjcrl  :  vfs  are  t..>: 

1.  Determine  trie  it*. ait  ;.sii  t  between  active  and  passive 
damage  thresh,  id  eva.uationH. 

?,  delate  the  damage  thresholds  to  material  homogeneity. 

3.  Evaluate  damage  tiireslu  M  vers  is  pulse  duration. 

4.  Determine  the  kinetics  of  mtput  degradation  at  20,  30, 
and  50  joules/cm^  average  energy  density. 

5.  Coordinate  with  and  furnish  samples  to  the  Naval  Research 
Laboratory  (!CPL)  for  c  mparative  evaluations. 

b.  Coordinate  with  nnu  furnish  samples  to  the  National  Bureau 
of  Standards  (NBS)  for  damage  mechanism  studies. 

The  principal  test  facility  t\.r  this  study  is  a  Q-switched,  neodymium 
glass,  laser  oscillator-trebb Le  amplifier  system  developed  by  Owens-Illinois. 
A  compLete  description  of  the  facility  may  be  found  in  Section  2  of  the 
31  January  1970,  Semi-Annual  Technical  Report  of  the  present  contract. 

During  the  work  period  1  January  I970  through  30  June  1970  all 
phases  of  the  research  program  were  actively  pursued  except  phase  3,  which 
involves  a  determination  of  the  relationship  between  internal  inclusion  type 
damage  and  pulse  duration.  This  rhasc  is  being  deferred  to  the  succeeding 
12  month  extension  of  the  present  contract  and  the  initial  literature  search 
of  the  thermodynamic  analysis  f  the  melting  of  laser  glasses  in  platinum 
has  replaced  it  during  this  reporting  period. 

A  summary  of  the  activities  from  1  January  1970  throug*  30  June  1970 
is  as  follows: 

1.  Twelve  third  amplifier  rods,  melted  in  platinum,  were 
selected  equally  from  each  of  two  melts  and  actively 
tested  to  determine  their  inclusion  type  damage  thresholds. 

The  peak  damage  thresholds  varied  from  18.2  to  31-8 

joules/cm2  for  the  first  melt  and  from  16.6  to  53*1 


1.  (continued) 

Joules/ cs-‘  for  the  second  aelt.  The  averse*  peak  laaage 
thresholds  were  23.9  and  32.6  Joulee/ca?  for  the  first 
and  second  salts  respectively. 

2.  An  8kjl  inproveaent  in  the  inclusion  type  daaage  threshold 

of  platinua  eeited  glass  has  been  renlired  in  'he 

time  period  fros  Pebnary  .1^6^  to  February  Vfio. 

3.  Active  life  tests  in  the  third  amplifier  at  average  energy 
densities  of  15  and  30  .joules  /cm?  for  ?>)  shot  sequences 
Indicate  no  systes  deterioration  in  efficiency,  bean  profile, 
beta  divergence,  or  pulse  duration,  although  in  soae  cases 

ae  many  aa  10  to  12  inelue lonp  were  noted  in  the  samples  at  the 
end  of  a  teat. 

h.  Passive  damage  measurements  or.  staples  approx iisately  0.5  cn 
thick  by  2  oa  square  napped  at  100X  magnification  with  aide 
lighting,  Irradiated,  and  renapped,  have  proven  unsuccessful 
in  generating  inclusion  sice  and  type  versus  danage  threshold 
data.  Tba  difficulty  arises  fron  the  snail  danalty  of  in¬ 
clusions  present  in  the  naterlal  and  fron  the  fact  that 
nicron  to  sub-nleron  else  indue  ions  appear  to  be  the  nost 
easily  danaged 

5.  A  passive  test  sanpla,  which  was  visually  inclusion  free  at 
10GK  nagnificatlon  with  side  lighting,  subsequently  sheared 
no  internal  danage  at  a  peak  anergy  dansity  of  70  Joules/ca2. 

6.  The  literature  search  for  the  thensodynaalc  analysis  of  the 
■citing  of  laser  glass  in  platinua  has  been  Initiated.  Tba 
activity  coefficients  for  13  binary  systeas  have  been  found 
to  date.  Ko  data  has  been  found  for  ternary  or  higher  order 
nultieoaponent  oxide  systeas  representative  of  current  laser 
glasses. 


2.  ACTIVE  DAMAGE  TESTS 

Active  dsaege  threshold  aeaeureaents  have  been  obtained  for  12  additional 
third  amplifier  rode  selected  equally  from  each  of  two  aelts  B  and  C.  Aa  for 
the  previous  aeaeureaents,  dsaege  was  noted  by  the  presence  of  a  visible  in¬ 
clusion  with  the  sample  illminated  with  a  microscope  leap.  This  technique 
easily  detects  10 ^  aise  particles.  At  the  onset  of  daaage  one  or  two  dsaege 
sites  were  noted  and  they  were  generally  in  the  order  of  froa  IOO4  to  200 fi 
in  else.  Table  1  axaauurixea  the  daaage  results  for  aelts  B  and  C.  The 
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AVERAGE  DAMAGE 

PF.AK  DAMAGE 
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‘  .Imi  1  * •«  1  >  :it?) 

(Jon  1  es  /cni^ 
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H  ,t 

12.8 

-> 

l"..1- 

1  7.3 

1 

12.o 

1 1».  ? 

4 

ti 

10.4 

3 

‘».R 

15.7 

ti 

2  1 .  >* 

31.1 

Average  *  11. M 

Average  "  17.8 

ME1T  "R"  (October  1969) 

SAMPLE 

AVERAGE  DAMAGE 

PEAK  DAMAGE 

NO. 

rilRESiml  l) 

FHKESHOl  1) 

(Joules  /cm?)  (Joules/cro^) 


1 

23.0 

31.8 

2 

13.0 

20.3 

3 

16.8 

21.6 

4 

18.8 

25. 9 

5 

13.0 

18.2 

6 

16.4 

25.7 

Average  -  17.5 

Average  -  23.9 

SAMPLE 

NO. 


1 

2 

1 

4 

5 
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ME1T  "C"  (February  1970) 


AVERAGE  DAMAGE 
THRESHOLD 
(Joules /cm^) 


PEAK  DAMAGE 
THRESHOLD 

(Joulcs/cm^) 


41.6 
13.8 
19.4 
26.1 
4(> .  '< 
13.  8 


52.6 

16.6 

23.1 
33.) 

53.1 
18.6 


Average  *  26. v  Average  ■  32,8 
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previously  reported  damage  results,  melt  A,  are  included  for  reference. 

The  table  Indicates  both  the  aver’  ge  and  the  peak  damage  threuiiulds  for 
each  rod  tested.  As  shown,  the  highest  damage  thresholds  obtained  to  date 
have  been  samples  one  and  five  of  melt  r  vhirh  damaged  at  teak  <*n«»:gy 
densities  of  52.6  and  53-1  ,1’ules  <*m‘  reapectl  ve !y .  ,  \  is  sign,  i  . «-n v; 

note  that  the  range  of  damage  threshold?  within  a  melt  is  >f  the  same  order 
as  the  asm  1 1  average,  indicating  that  the  damage  sites  are  not  uniformly 
distributed  throughout  the  melt  either  in  size,  !  >mti  n,  r  b‘ith.  An 
snelysls  of  the  date  also  shows  that  the  average  of  the  peak  damage  thresh¬ 
olds  for  melt  C  is  greater  than  the  correst  onding  v’igure  for  melt  A, 
indicating  a  significant  improvement  in  melting  capabilities  in  the  time 
period  from  February  1969  to  February  1970. 

It  is  anticipated  that  when  the  thermodynamic  analysis  of  the  melting 
environment  is  completed,  the  results  will  dictate  further  improvements  In 
the  coming  months. 

3.  LIFE  TE8TS 

In  the  active  damage  threshold  measurements  which  have  just  been  dis¬ 
cussed,  laser  glass  damage  la  defined  ss  the  occurrence  of  an  inhomogeneous 
physical  defect  within  the  material  resulting  from  the  transmission  of  a  laser 
pulse.  Although  this  is  certainly  a  meaningful  definition,  t.ne  users  of 
laser  glass  materials  are  more  interested  in  a  measure  of  system  perioraance. 
An  alternative  definition  of  laser  glass  damage,  then,  is  a  degradation  in 
the  output  performance  of  the  laser  system  in  terms  of  some  system  variables, 
such  as  efficiency,  beam  profile,  beam  divergence,  or  pulse  duration. 

To  determine  ths  significance  of  such  a  proposed  degradation  definition 
of  laser  glass  damage,  rods  wars  actively  life  tested  in  the  third  amplifier 
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fir'?  i ri  fact  those  of  a  micron  t.o  sub-micron  si:’/:.  Mum  even  holography 
r:iny  nol,  have  the  necessary  msolv  i.ng  power. 

One  passive  damage  measurement  vr>rth  noting  is  n  sair.plo  w‘n  i  ■  -1 1  was 
visually  i  ne.lusi  on-free  at  |OOX  e.*if»i, ;  fie. -it,  i,.u  nri-.r  I  ,  i  read  i  a !  '■  m  I 
subsequently  showed  »•.  dnitag**  at.  :•  injur  energy  deiue  );/  :  I  {<>  ,i- m.i.i  ;;/  t.;: , 

If  tills  sample  Is  indeed  ine]  usioe  •  then,  i  ho  lanugo  threshold  r.  f 
homogeneous  glass  is  quite  high. 

5.  SELF -TRAPPING  All!)  fiifRPACE  DAMAGE  TESTS 

Preliminary  self-trapping  and  sioTaee  damage  mousurnnoni s  have  been 

performed  on  a  91  on  long  unpumped  sample.  TJie  r.ai:.plo  was  first  irradiated 

with  the  unfocused  output  of  the  "se.i .1. 1  •rt,or-ampl:i.f:i.er  system  and  neither 

surface  or  self-trapping  damage  occurred  for  a  maximum  average  energy 

,  ? 

density  of  73  , joules/ cm  incident  on  the  front  surface  of  the  sample. 

Assuming  a  beam  divergence  of  2  mi  Hi -radians,  tills  is  equivalent  to  an 
energy  density  of  63  ,joulcs/em2  on  the  output  surface  of  the  sample. 

Having  produced  no  damage  with  the  unfocused  beam,  a  2  meter  lens 
was  placed  in  the  system  as  shown  in  Figure  1.  With  this  arrangement,  as 
the  output  energy  of  the  laser  was  increased  the.  first  appearance  of  damage 
was  an  orange  peel  effect  on  the  output  surface  of  the  test  sample.  Examples 
of  this  type  of  damage  may  be  found  in  Figures  2  and  3.  In  Figure  2  the 
surface  is  slightly  out  of  focus  to  more  effectively  show  the  wav  .incss,  while 
in  Figure  3  the  surface  is  in  focus  and  both  the  orange  peel  and  pitting 
damage  are  apparent.  Sampling  the  output  surface  at-  several  Locations  showed 
that  this  type  of  damage  occurs  on  the  average  at  an  energy  density  of  136 
.joules/ cm2. 

As  the  output  energy  was  further  increased,  pitting  damage  began  to 
appear  on  the  output  face.  The  onset  of  such  damage  on  the  average  occurred 
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ORANGE  PEEL  DAMAGE 


FIGURE  2 
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FIGURE  3 
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•il  mi:  ctffj'y  > I ■  -ii;; i  l.y  nl*  1.44  jou.l.  s/iar  ,  somewhat  above  the  Level  fur 

‘•i'.'  u.v  ]'>=:•  ■  1-  lamage.  Tli':  a  ran  ■■  ■  of  tin  a  type  of  damage  at.  threshold 

was  rr."ii' ' !'a i .1  y  iri:tr-!;'  <1  by  the  i •  r-< • : •  ti-a;  ■.('  --rater  typo  lamage  surrounded  by  a 

tar,  r-  -r  vi'ii-u  :=  i  glare.  . .  snob  si a  ::l.-vvni  i:i  Kigur-r:  4  , 

r>  t  and  <:  nr  Me  damag'-  ] -r- ■  r«  r.  from  threaho  Ld  t several.  times  thres¬ 
hold.  N-.>  front,  surfa' damage  wan  not  mi  during  those  tests  for  a  maximum 
average  energy  density  of  .1.40  ,hm  les/cm2 . 

Throughout  t ho  snrfneo  . hun- n a:  tenting,  self- trapping  damage  was  noted. 
The:  trapping  damage  neeiiri-'d  anywhere  from  t.lio  front  end  to  the  exit  end  of 
1  he  billet  and  generally  o<'"nrreil  '>nly  after  -xii  riuTueo  damage  was  noted, 
r.n  *h  that  the  "Xlt  face  lamp':  no*,  appear  to  ho  trapping  limited.  The 

.average  1  rapping  thr' '.ahold  was  found  t.e  he  128  joule  s/cm2.  Figures  7,  8, 

and  are  typical  of  the  l.rappin-'  damage  noted.  As  shown ,  the  bubble  type 
damage  character i  sti.en.lly  has  a  diameter  of  .a  few  tens  of  microns  and  the 
spacing  between  bubbles,  is  generally  net.  uniform.  A  summary  of  the  self¬ 
trapping  and  surface  damage  results  is  :  hown  in  Table  2.  The  table  primarily 
indicates  the  rather  broad  variation  in  the  damage  results,  especially  those 
related  to  the  trapping  threshold  which  varied  from  63  to  194  joules/cm2. 
Because  of  these  rather  large  variations,  this  data  should  be  considered  as 
tentative  only.  Furth-u*  tests  ar  :  presently  being  prepared  and  in  the  near 
future  t,ho  range  for  the  damage  threshold  values  will  hopefully  be  narrowed. 
It  cannot  be  ignored,  however,  that  these  damage  levels  are  generally  higher 
than  those  previously  reported,  by  ■  there. 
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TABLE  2 


0RA3GE  PEEL 
(Average  Joulaa/cm2) 

134 

171 

112 

113 

147 


SELF-TRAPPING  & 
SURFACE  DAMAGE  RESULTS 

SURFACE  PITTING 
(Avarage  Joules /cm2) 

123 

154 

150 

150 


trapping 

(Average  Joules/cm2) 

83 

63 

170 

194 
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6.  APPLICATION  OF  THERMODYNAMICS  TO  IASER  GLASS  MELTING 
6.1  Introduction 

Pt  inclusions  in  Laser  glass  appear  to  be  caused  by  the  migration 
of  Pt  as  the  platinum  oxide  gas,  Pt02»  and  the  subsequent  reprecipita¬ 
tion  of  Pt.  Thermodynamics  is  being  applied  to  the  melting  procedure 
in  order  to  reduce  the  partial  pressure  of  PtOg,  thereby  reducing  the 
number  of  inclusions. 


The  Pt  metal  can  be  stabilized  with  respect  to  its  oxide  by  re¬ 
ducing  the  partial  pressure  of  02(Pq2)*  In  stabilizing  the  Pt  metal, 
the  oxides  in  the  glass  melt  are  destabilized  in  favor  of  their  metals 
resulting  in  the  formation  of  Pt  alloys.  The  following  reactions 
illustrate  this  problem. 

Pt  (puiemetal)  +  Og(gas)  -»  PtOg  (gas)  (l) 

Si  (in  solid  Pt  Alloy)  +  0o(gas)  4  SiOo  (in  laser  glass  (2) 

melt) 

As  the  Pq?  ig  reduced  both  Si  and  Pt  are  stabilized  with  respect  to 
their  oxides.  It  is  apparent  that  the  PQ must  be  chosen  so  that  the 
PptQg  i*  as  low  as  possible  without  the  laser  melt  oxides  being  re¬ 
duced  to  the  metal  and  attacking  the  Pt  crucible. 


In  order  to  choose  the  appropriate  Pq  ,  the  following  informa¬ 


tion  is  required: 


(l)  the  standard  state  free  energy  of  Reaction  (l);  (2)  the 


standard  state  free  energy  for  the  reactions  similar  to  Re¬ 
action  (2)  for  all  oxides  in  the  laser  glasses;  (3)  the 
activities  of  the  various  oxides  in  laser  glasses;  and  (h)  the 


activities  of  the  corresponding  metals  in  Pt.  Prom  the  re¬ 
lationship  between  the  activity  of  the  ith  component  (a^),  the 
mole  fraction  (x^),  and  the  activity  coefficient  (Kj_): 
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m  x^;  it  can  b«  aaen  that  the  activity  coefficients  of 

the  various  coaponents  (/^)  nay  also  be  used. 

The  standard  state  free  energy  of  Reaction  (1)  has  been 
determined  by  Alcook  and  Hooper:1 

AF°  -  AF°f(Pt02)  -  39.270  +  3**0  -  T  (0.93  ♦  0.21)  cal/mole  of  Pt02 
The  standard  state  free  energies  for  the  fonaation  of  the  coamon 
oxides  in  glass  have  been  determined2  and  are  presented  in  Table  3. 

The  Af°'s  correspond  to  the  energy  difference  between  reactants  and 
products  when  the  solids  and  liquids  are  pure  and  when  the  gases  are 
at  1  atmosphere  pressure.  The  activities  yet  to  be  determined  take 
into  account  the  fact  that  the  oxides  are  in  a  glass  solution  and  that 
the  metals  are  in  a  Pt  alloy.  Rather  than  reporting  the  activity  of 
a  species  in  the  literature,  the  activity  coefficient  is  the  preferred 
variable. 

The  goal  of  this  program,  therefore,  is  to  determine  the  i^'s  of 
oxides  in  laser  glass  and  the  ^'s  of  the  metals  of  the  laser  glass 
oxides  in  Pt. 

Discussion 

A  literature  search  has  been  initiated.  A  preliminary  review 
showed  that  thirty-five  authors  have  done  work  in  the  area;  they  were 
contacted  for  any  additional  information.  Nine  authors  have  responded 
to  date;  their  replies  indicate  that  the  preliminary  search  was  rather 
complete. 

Nine  government  agencies  and  twelve  private  agencies  have  been 
contacted.  Searches  are  currently  underway  by  Science  Information  Ex¬ 
change,  NASA,  and  Aerospace  Research  Applications  Center. 
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6.2  (continued) 

A  search  through  Chemical  Abstracts  uncovered  no  thermo¬ 
dynamic  information  in  addition  to  the  data  already  obtained. 

Table  4  indicates  the  binary  systems  for  which  tin* 
activity  coefficients  have  been  found  to  date. 

Mo  data  has  been  found  for  ternary  or  higher  order  multi  - 

component  oxide  systems  representative  of  the  complex  laser 

13  i4 

compositions  currently  used  ns  Listed  in  Table  5.  '  ’  Once 
the  literature  search  has  been  completed,  estimates  of  activities 
in  the  multicomponent  systems  will  be  made  based  upon  the  data 
from  binary  systems. 

6.3  Future  Activities 

The  program  includes  the  experimental  measurement  of  activities 
in  a  laser  glass  as  well  as  the  completion  of  the  literature  review. 
The  best  estimate  of  activity  coefficients  will  aid  the  planned 
experimental  work. 
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TABLE  g 

COMPOSITIONS  (WF.$)  OF  SOME  COMMERCIALLY 
AVAIT.ARLE  LASER  GLASSES 


CLASS  Re. 


Oxide 

1 

p 

3 

k 

5 

6 

1 

Si  Op 

67 

60 

68 

3.1 

63 

67 

7? 

59 

Ti02 

- 

- 

0.5 

- 

- 

- 

- 

- 

Bp03 

- 

- 

- 

15 

- 

- 

- 

- 

AI2O3 

- 

? 

- 

8 

6 

l 

1.5 

- 

Sb203 

- 

1 

2 

- 

- 

l 

- 

1.0 

As203 

- 

- 

- 

1 

- 

- 

- 

- 

CaO 

- 

- 

- 

- 

11 

- 

- 

- 

RaO 

5 

5 

k 

- 

5 

5.0 

22.0 

PbO 

- 

- 

1.5 

- 

- 

- 

- 

- 

ZnO 

- 

2 

- 

- 

- 

2 

1.3 

- 

Li20 

- 

1 

- 

- 

15 

1 

1.0 

- 

Na20 

7 

6 

k 

as 

- 

7 

7.5 

- 

K20 

15 

.18 

17 

as 

- 

11 

7.5 

12.0 

Nd203 

5 

5 

3 

5 

5 

5 

4.2* 

6.0* 

Misc. 

5 

1 

' 

_  S 

*  Nd203  was  used  or  similar  dopant,  such  as  Er203.  Glasses  1-6 


are  from  reference  No.  15,  Glasses  7  and  8  are  from  reference  l4 . 


-18- 


REFFREHCFS 


I.  r-  Alco  rk  -in  l  i.  VI.  Hooper,  "Thermodynamics  of  the  Gaseous 
xides  of  ti  e  Platinum-Group  Metals",  Royal  Society  Proc .  254 , 

55  1-,6.1,  i960. 

bulletin  54:7,  n.  H.  Pure.au  of  Mines,  1959. 

а.  I'.  .T.  !;owles,  et  at.,  .1  umnl  of  the  Iron  and  Steel  Institute, 
Feb.,  1964,  113-191. 

4.  K.  J.  Charles,  Journal  of  the  American  Ceramics  Society,  Vol. 

50,  Mo.  12  1967,  6^1-64 1. 

5.  ;i.  R.  I, arson  and  J.  Chipman,  Acta  Metallurgia,  Vol.  2,  Jan., 
1994,  1-2. 

б.  K.  Sohwerd  .fgor  and  A.  Muan,  Acta  Metallurgia,  Vol.  12,  Aug. 
1964,  905-909. 

7.  A.  Muan,  Thennodytnmics.  Vol.  IT,  International  Atomic  Energy 
Agency,  Vienna,  1966. 

8.  R.  J.  Charles,  Tliysies  ’ind  Chemistry  of  Glasses,  Vol.  10, 

No.  5,  <'ct.  1969,  169-176. 

9.  M.  Rey,  Discussions  of  the  Farady  Soc.  4,  1968,  257-265. 

10.  E.  F.  Ifeald,  Transacti  ons  of  the  Metallurgical  Society  of  AIME, 
Vol.  239,  Sept..,  11)67,  l337-i^O. 

11.  R.  W.  Taylor  and  A.  Muan,  Transactions  of  the  Metallurgical 
Society  of  AIME ,  Vol.  224,  June,  1^65,  50^-5^. 

12.  !!.  Rein  .and  J.  Chipman,  Transactions  of  the  Metallurgical 
Society  of  AIME,  Vol.  223,  "Feb.,’  1965,  ^1^-425. 

13.  Rmi.1  W.  Deeg,  "Toughening  a  'Glass  Jaw'  ",  Laser  Focus,  58-39# 
March ,  1969 • 

3.4 .  John  F.  Kreidl,  "The  History  of  the  Class  Laser",  The  Class 
Industry,  535-537,  October,  1967. 


-19- 


